Objectives. To investigate symptoms and early mortality (!30 days) following open surgery for emergency, symptomatic non-ruptured abdominal aortic aneurysm (AAA). Design. Retrospective cohort study. Patients and methods. During the period 1983-1994, 129 patients had an emergency admission, followed by surgery, for symptomatic non-ruptured AAA. Sixty-one received surgery within 24 h of admission and 68 received surgery more than 24 h after admission (median 135 h, inter-quartile range: 51-239 h). During the same period 239 patients had elective surgery for non-ruptured AAA. Early mortality (!30 days), symptoms and co-morbidities were recorded. Data were retrieved from the patient records. Results. Mortality (30 days) was 18% in the 61 patients having surgery within 24 h of emergency admission for nonruptured AAA. Mortality following either delayed surgery (semi-elective) after emergency admission or elective surgery was 4.2% (pZ0.0002). Four out of 11 patients who died within 30 days following an acute operation had previously been declared unfit for elective surgery. One additional emergency patient had been found unfit for open surgery, but survived a delayed operation. Conclusion. The high mortality rate of patients with non-ruptured, symptomatic AAA undergoing surgery within 24 h of admission appears to be influenced by several factors, including co-morbidities and the acute operation. We propose that the 30-day mortality for non-ruptured AAA should be reported in two categories: mortality rate for elective surgery and mortality for surgery performed within 24 h of emergency admission. The term 'emergency non-ruptured' is a suitable term for the latter group.
Introduction
Patients with infrarenal abdominal aortic aneurysms (AAA) are most often separated into three groups; elective or asymptomatic patients, patients with ruptured aneurysm and symptomatic or emergency patients without rupture. [1] [2] [3] [4] [5] [6] The definition of the latter group is in many publications vague and the criteria for inclusion are in some cases based on symptoms only. 4, 8 The group is then named 'symptomatic AAA'. Other definitions are related to the timing of surgery. 2, 4 A clear definition of this group is important for a proper characterization and comparison of patients with non-ruptured AAA, since early mortality may vary according to inclusion criteria.
The dominant symptoms for emergency nonruptured AAA are abdominal pain, back pain and a tender aneurysm on clinical examination.
2,9,4,10,11 A higher early mortality has been reported in the symptomatic or emergency group of patients compared to asymptomatic AAA. 2, 5, 6, [11] [12] [13] [14] [15] [16] The reason for this difference is unclear. Timing of surgery has also been controversial in symptomatic patients. Some surgeons have recommended operation without delay with the intention of preventing death from a possible rupture. 3, [17] [18] [19] Others have argued for an approach where pre-operative assessment is performed and the operation carried out under more optimal conditions than is allowed by an emergency situation. 1, 2, 4, 7, 8, 11, [20] [21] [22] [23] Objectives In this study, we separated patients with non-ruptured AAA according to different clinical criteria. The purpose was to investigate if symptoms, type of admission (elective versus emergency) and timing of surgery influenced early mortality (!30 days). Thus, we wanted to investigate whether it was possible to identify high-risk patients with non-ruptured symptomatic AAA.
Patients and Methods
During the period 1983-1994 altogether 520 patients were operated on for AAA at our institution. Patients from this period were selected for the study since endovascular treatment was started early in 1995. Of the 520 patients, 152 had ruptured aneurysm defined by the intra-operative finding of blood outside the aneurysm wall. In total 368 patients had non-ruptured AAA and 171 of them had symptoms considered to be related to their aneurysm (Fig. 1) . Forty-three of these 171 had symptoms of relatively long duration and had been admitted electively. One hundred and twenty eight patients were admitted as emergencies, because of symptoms as was one further patient with evidence of rapid AAA expansion (20 mm in 10 months). In no other case did aneurysm size alone result in emergency admission. Sixty-one patients underwent surgery within 24 h of admission and the remaining 68 underwent delayed surgery (median 135 h, interquartile range: 51-239 h). Altogether 239 of the patients with non-ruptured aneurysms were admitted electively.
Emergency admission was defined as admission initiated without administrative or medical preparation when the patient was considered to need prompt diagnostic evaluation and possible treatment. For practical purposes, according to local practice, we defined emergency surgery as an operation performed within 24 h after emergency admission. Operation later than 24 h after an emergency admission was defined as 'semi-elective' because there was an opportunity for pre-operative evaluation and preparation similar to that in the elective situation.
We compared the three groups (emergency, semielective and elective) as well as asymptomatic versus symptomatic with respect to risk factors, comorbidity, symptoms and early mortality.
The nature and duration of symptoms were abstracted from medical records. Symptoms were identified when reported in the records. Abdominal pain, back pain and tenderness at clinical examination were defined as major symptoms. The feeling of pulsation and abdominal discomfort were regarded as minor symptoms. Duration of the dominant symptom was recorded in 7 categories ranging from '0-6 h' and up to '6 months'. Four patients with critical lower limb ischaemia and AAA and 2 with occlusion of the aneurysm, also were considered symptomatic. Aneurysm size, defined as the maximum crosssectional diameter, was measured either by computed tomography scans, ultrasonography or intra-operatively. The majority of measurements were made by either CT-scan or ultrasonography. Although these modalities are not directly comparable, we used both as available. We also recorded whether the diagnosis of AAA was known prior to admission, whether the patient previously had been found unfit for elective surgery or had refused surgery. Aneurysms were reported as inflammatory if they had a grey-white appearance observed intra-operatively. Thickened aortic wall, peri-aneurysmal fibrosis and adhesions to adjacent abdominal organs were other characteristics of inflammatory aneurysm. The thickened wall was also observed on pre-operative CT-scans. 24, 25 Coronary heart disease (previous myocardial infarction, angina, aortocoronary bypass surgery or percutaneous coronary intervention), hypertension (treated medically), chronic obstructive pulmonary disease (COPD) and renal insufficiency (creatinine concentration O140 mmol/l) also were noted. Cardiac function was further categorized according to the classification of the New York Heart Association (NYHA) in 355 (96.4%) of the patients. The 30-day mortality following surgery was recorded.
Surviving patients have been followed either at the out-patient clinic or by contact with the primary physician. In addition, data on patient survival was collected from the Norwegian Registrar's Office of births and deaths, which is updated every 14 days. Statistical analyses were done in SPSS. Chi squared tests, with Yates correction and Wilcoxon rank sum tests were used. Observed differences with a p-value !0.05 were considered as statistically significant. The study received approval from the local ethics committee. 
Results

Asymptomatic versus symptomatic patients
The 30-day mortality following surgery for nonruptured AAA for 197 asymptomatic and 171 symptomatic patients was 4.6 and 8.8%, respectively, pZ0.16 ( Table 1 ). The age distribution in the two groups was similar but there was an indication that there were more women in the symptomatic group (24.0 versus 15.7%, pZ0.064). Patients with symptoms had a larger median aneurysmal diameter (60 versus 50 mm, p! 0.001). Inflammatory aneurysms were documented in 8.8% of the symptomatic patients and 6.1% of the asymptomatic patients. Symptomatic patients were more often classified as NYHA class 3 and 4 (11.0 versus 3.1%, pZ0.006), with a tendency for coronary heart disease to be present more often in the symptomatic group (49.1 versus 39.3%). Asymptomatic patients reported intermittent claudication and hypertension more often than the symptomatic patients.
Elective versus emergency admission
The 239 patients admitted electively had a 30-day mortality of 4.2%, significantly lower than the 10.9% mortality in the 129 patients admitted as emergencies, pZ0.024 (Table 2) . Age was similar for the two groups, but there was an indication of an increased proportion of women in the emergency group (24.8 versus 16.7% in the elective group). Patients admitted as emergencies had significantly larger aneurysms (61.5 versus 50.0 mm, p!0.001). Emergency patients also had significantly more coronary heart disease, with a tendency for more patients having NYHA class 3 and 4 (10.7 versus 4.7%, pZ0.058). In contrast, more elective patients were being treated for hypertension and complained of intermittent claudication. Inflammatory aneurysms were documented in more emergency admissions (10.1%) than elective admissions (5.9%, pZ0.203). Some 43 (18%) of the elective patients had symptoms related to their AAA. However, most of the symptoms were minor and the duration of the dominant symptom was significantly longer than in patients admitted as emergencies. This subgroup of 43 patients had a 30-day operative mortality of 2.3%.
Emergency versus elective or semi-elective operation
When we combined the patients undergoing elective surgery with those undergoing surgery semi-electively, there was a total of 307 patients with a 30-day mortality of 4.2% compared with a mortality of 18% in the 61 patients with emergency surgery (Table 3 ). Age and gender was similar in the two groups. The aneurysm diameter was larger in the emergency group (64.5 versus 55 mm, pZ0.002). Further, there were significantly more patients with NYHA class 3 and 4 (15.5 versus 5.1%, pZ0.009) and a tendency towards more coronary heart disease in the emergency group (55.7 versus 41.5%, pZ0.06). The presence of aneurysm was known prior to admission in 48 (37%) patients admitted as emergencies, but the diagnosis previously was unknown in the remainder. Inflammatory aneurysms were present in 8.2% of the patients undergoing emergency surgery versus 7.2% of those operated electively or semi-electively.
The duration of symptoms was significantly shorter in the emergency patients with a median of 3-7 days and most (93.4%) of these patients had major symptoms. In particular, 7/11 of the early deaths in this group occurred in patients where AAA had been diagnosed previously. Four patients who had previously been regarded unfit for elective operation Table  4 . Cardiac disease and multi-organ failure were the most common causes of death.
Discussion
Mortality and size of groups
This study shows that operative mortality is highest for symptomatic patients undergoing emergency surgery (within 24 h) for non-ruptured AAA and that these patients have larger aneurysms and poorer NYHA classifications than other patients undergoing surgery for non-ruptured AAA. The presence of inflammatory AAA appeared less important. The Emergency Non-ruptured Aneurysm rationale for dividing patients with non-ruptured AAA into two groups was that elective patients with asymptomatic AAA have a different course and mortality than the corresponding group of patients with non-ruptured symptomatic AAA admitted as emergencies. In the latter group the indication for surgery is not only prophylactic, but to treat a suspected or impending rupture or a concomitant life-threatening condition such as critical lower limb ischaemia. Consequently, the emergency group will contain high-risk patients who might have been found unfit for elective surgery. However, this is unlikely to be the only reason underlying the high operative mortality in the patients undergoing emergency surgery.
Timing of surgery
In various reports the definition of acute, emergency and urgent surgery varies strongly. 8 The time limit for acute surgery has ranged in different reports from within 6 h after admission to several days. 4, 13, 20 In our institution, patients with non-ruptured aneurysm admitted as emergencies represented 35% of the total cohort of AAA patients. Among 368 patients with nonruptured AAA, there were11 early deaths among the 61 patients undergoing emergency surgery, accounting for almost half (46%) of the total 30-day mortality. Therefore this is an important group to target to reduce operative mortality for the total group of patients with non-ruptured AAA.
High-risk patients, including those previously unfit for elective surgery do not appear to benefit from emergency surgery. Four such patients undergoing emergency operations died within 30 days, but another previously unfit patient survived a semielective operation. Emergency surgery may be an independent risk factor for mortality, for even those with previously undiagnosed AAA, the mortality following emergency surgery was 10%. Postponement of the operation for more than 24 h after an emergency admission resulted in the same 30-day mortality as for patients with asymptomatic AAA undergoing elective surgery. There were no cases of rupture following the decision to postpone surgery and allow pre-operative assessment, following emergency admission for symptomatic AAA. Others have reported similar findings. 26, 27 It has also previously been stated that emergency operation is associated with a higher mortality 7, 20, 28 and that any policy change to a more immediate operation could lead to an increased mortality in this specific group of patients with symptomatic non-ruptured AAA. 2 In haemodynamically stable patients, where clinical examination indicates that rupture is unlikely, a computed tomography scan is indicated to rule out the possibility of contained rupture. Thereafter, one option is to transfer the patient to an intermediate care unit for monitoring of blood pressure and organ function, giving time for optimising organ function. 29, 30 If beta-blockers have not been prescribed previously, these should be administered prior to surgery and maintained throughout the hospital stay. In current practice there may be and indication for endovascular treatment in the high-risk patients. Finally, the patient should be operated during the day, by an experienced surgical and anaesthetic team and appropriate intensive care facilities should be available. 28 
Symptoms
In this series 18% of the elective patients reported symptoms from their AAA, while all but one of the patients admitted as emergencies had symptoms related to their AAA. In Estes' series from 1950 of 102 non-operated AAA, only 30% were asymptomatic. 29 To our knowledge there are no reports describing the natural history of patients with symptomatic aneurysm or whether the symptoms predict rupture. Major symptoms like pain and tenderness were more common among emergency patients, while the feeling of pulsation in the abdomen was the most E. S. Haug et al.
often reported symptom in the elective group. We observed a significantly shorter duration of symptoms in patients admitted as emergencies compared to the elective group and also in those operated within 24 h of admission. Our study did not evaluate the intensity of symptoms since this would have been difficult to do retrospectively. Symptoms in patients with AAA can be caused by other conditions, previously described as pseudorupture syndrome. 17 For these patients, it is assumed that an emergency operation can be beneficial whenever the symptoms are caused by a life-threatening secondary condition. 19 In other cases an emergency operation can be related to an increased risk, for instance when the symptoms are due to myocardial infarction. We could not identify a specific symptom that was related to early mortality, but a rapid change in symptoms might lead to emergency admission to hospital and emergency surgery and thereby contribute to a higher mortality.
Patient risk factors
Symptomatic patients and patients admitted as emergencies had a higher prevalence of cardiac disease and more of them belonged to NYHA class 3 and 4 than the corresponding non-symptomatic elective patients. The key risk factors underlying mortality risk following elective surgery were not identified clearly in this study. Assessing risk factors properly demands a thorough clinical evaluation and testing of organ function, which could be difficult to carry out in symptomatic patients. 5 In a retrospective study like this there are difficulties associated with collecting necessary information from the patient's records. Thus, data for NYHA classification were missing in 13 (3.5%) of the patients. Surprisingly more cases of hypertension and intermittent claudication were reported among the patients undergoing elective surgery for asymptomatic AAA. One explanation could be that the medical records were more complete for elective admissions. 30 Another factor might be that symptoms from the aneurysm could shift the focus away from concomitant vascular disorders. In the symptomatic patients, with their increased evidence of cardiac disease, symptoms of lower limb arterial obstruction could be masked.
Nomenclature and definition
Interpretation of this study must be done with caution because of the retrospective design and the relatively small number of patients. Prospective randomised trials would, however, be difficult to perform for evaluation of matters concerning clinical judgement and subjective symptoms like pain. The study has indicated that neither symptoms nor emergency admission alone are suited as classification criteria to identify high-risk patients with non-ruptured AAA. In our opinion this group of non-ruptured AAA should be named 'Emergency non-ruptured' instead of symptomatic AAA and defined by an emergency admission with surgery in the following 24 h. An important implication of this definition is that excessive mortality due to other factors than high-risk patients easier can be detected in a narrow 'emergency group' than in a wider 'symptomatic group', which may include elective as well as semi-elective patients. To be able to compare results from different vascular units, reporting must be based on reproducible criteria. As a consequence, use of terms like impending rupture, symptomatic, tender AAA and urgent AAA should be abandoned unless defined properly.
Conclusion
In patients with emergency non-ruptured AAA, emergency surgery (within 24 h) together with increased co-morbidity appeared to be risk factors for early mortality. If rupture can be ruled out, it seems likely that these patients, when admitted as emergencies, have a better prognosis if a period of time is used for pre-operative assessment and optimisation of organ function before semi-elective surgery is undertaken. We suggest that 'emergency non-ruptured' is better suited as a term for patients who are admitted as emergencies and operated on within 24 h for nonruptured AAA.
